Abstract The evaluation of formaldehyde (FD) exposure in beauty salons, due to the use of hair straightening products, and its relation with genotoxicity biomarkers was performed in this study. Regardless of official recommendations, the inappropriate use of homemade hair creams has became a popular practice in Brazil, and high formaldehyde content in the Bprogressive straightening^creams can contain mutagens that could increase the incidence of neoplasia in those people who use them. Damage to DNA was assessed by conducting a micronuclei test (MNT) on buccal cells and the comet assay on heparinized venous blood samples. A total of 50 volunteers were recruited at six different beauty salons (labeled A to F). At two salons that used products that did not contain FD (salons D and E), environmental FD concentrations were 0.04 and 0.02 ppm. In contrast, the products used at salons A, B, C, and F contained 5.7, 2.61, 5.9, and 5.79 % of FD, and these salons had environmental FD concentrations of 0.07, 0.14, 0.16, and 0.14 ppm, respectively. Comparison of the beauty salon workers from each of the six beauty salons revealed significant differences in urinary formic acid (FA) concentration before exposure (p=0.016), urinary FA after exposure (p=0.004), variation in FA concentration before and after exposure (p = 0.018), environmental FD concentration (p<0.001), cytogenetic damage detected by the comet assay according to both damage index (p<0.001) and frequency of damage (p<0.001), and for karyorrhexis only according to the MNT (p=0.001).
Introduction
People who work in beauty salons are potentially exposed to harmful chemical substances contained in hair products, both via the skin and the respiratory system (Hollund and Moen 1998; Halliday-Bell et al. 2009) . A new procedure for hair straightening has recently been introduced (known in Brazil as escova progressiva and elsewhere as BBrazilian blow dryô r BBrazilian straightening^) that involves the use of products with formaldehyde (FD) in their compositions (Mazzei et al. 2009 ). The procedure has been widely adopted because it is inexpensive, rapid, and results in shiny hair (Abraham et al. 2009) , with effects that last for 4 months (Balogh et al. 2009 ). In addition to the FD contained in the hair products used for hair straightening, which has been banned in Brazil since 2001, many other additives contained in these preparations can produce FD in situ when hair is heated, which occurs during one stage of the straightening process. Of note, among such chemicals are glyoxylic acid (ANVISA 2014), timonacic acid, dimethoxymethane, and decamethylcyclopentasiloxane (Occupational Safety and Health Administration (OSHA)). However, the FD concentrations produced when these products are used cannot be predicted, because the quantity Responsible editor: Philippe Garrigues * Giovana Piva Peteffi gipeteffi@gmail.com generated depends on factors such as the pH of the preparation, the temperature to which hair is heated during straightening, duration of storage, and other factors (Rosen and McFarland 1984) . The use of hair straightening procedures involving FD confers a significant toxicological risk on the hair care professionals who carry them out. Formaldehyde is an irritant to the eyes and the airways even when in low environmental concentrations (Arts et al. 2006 ) and has been recognized as a human carcinogen by the International Agency for Research on Cancer (IARC 2012) . The toxic effects of FD have led the OSHA to set the limit for safe exposure at 0.75 ppm over 8 h of continuous exposure (TWA 8 h ) (OSHA 2011) and the German MAK Commission to recommend a maximum level of 0.3 ppm (MAK DF 2006) . In turn, the National Institute for Occupational Safety and Health (NIOSH) recommends a TWA 8 h exposure limit of 0.016 ppm (NIOSH 2006) . The Brazilian ministry for labor and employment's regulation dealing with the issue (NR-15) sets an environmental concentration of 1.6 ppm as the tolerable limit for FD in the workplace (NR 15, 1978) . Studies have identified hairdressers as at increased risk of cancer of the breasts (Pollan 2001) , upper digestive tract (Ji and Hemminki 2005) , lungs (Czene et al. 2003) , and bladder and of non-Hodgkin's lymphoma (Gaertner et al. 2004 ).
In the USA, it is mandatory to label products that contain more than 0.1 % of FD and also products that could release concentrations of 0.1 to 0.5 ppm into the environment. Any product that can release levels over 0.5 ppm must be labeled with the warning Bpotential risk of cancer^and, from 1 June 2015, with the expression Bmay cause cancer( OSHA). According to the Cosmetic Ingredient Review Expert Panel, FD is safe for use as a preservative at a maximum concentration of 0.2 % (1984). The European Commission's Cosmetic Directive 76/768/EC authorizes a maximum FD concentration of 0.2 % in cosmetics and all finished products that contain FD or substances that release FD must be labeled with the warning Bcontains formaldehyde^if the concentration of FD in the finished product exceeds 0.05 % (SCCNFP 2002).
After absorption, FD is rapidly biotransformed into formate, which can be eliminated in the urine in the form of formic acid (FA), react with other biomolecules, or even be metabolized into carbon dioxide (ATSDR 1999). As a result, Coelho (2009) was able to report that FA concentrations in urine can be used as a biomarker of FD exposure, although baseline concentrations are highly variable, especially when there is formation of FA from other metabolic sources (ATSDR 1999) , particularly the metabolism of amino acids and xenobiotics with one carbon, mainly through oxidative demethylation reactions (ATSDR 1999) .
Current official occupational health guidelines do not define any biomarkers of FD exposure. Rather, worker exposure levels are assessed on the basis of measurements of environmental concentrations. Another alternative is to assess genotoxicity as an indicator of the biological effects of occupational exposure, and the micronuclei test (MNT) and the comet assay have been widely adopted for this purpose (Ladeira et al. 2012 Moller et al. 2000 .
Starting from the suspicion that hair straightening products used in Brazil may contain elevated concentrations of FD, the objective of this study is to evaluate FD exposure due to utilization of cosmetic products among beauty salon workers using environmental monitoring and a selection of biomarkers.
Methods

Study population
The study sample comprised employees of both sexes from six different beauty salons in towns in the Vale do Paranhana and the Vale dos Sinos districts, both in Rio Grande do Sul state, Brazil. The study was approved by the Research Ethics Committee at the Universidade Feevale. All participants signed free and informed consent forms. A total of 50 people were enrolled on the study, breaking down as 6, 12, 6, 14, 5, and 7 workers from salons A, B, C, D, E, and F, respectively. Samples were collected from 19 November 2013 to 16 September 2014.
Environmental monitoring of FD exposure
Environmental FD concentrations were determined on the same days that the biological samples were collected. Samples were collected on days when hair straightening procedures were being conducted. Environmental FD concentrations were measured using one Umex-100 passive sampler (SKC Inc., Eighty Four, USA) per salon, in accordance with EU ISO 16000-4-2004. The samplers were placed in fixed positions at a height within the workers' respiration zone, for eight consecutive hours.
Questionnaire
A questionnaire was administered to the study participants to collect personal and professional details as follows: age, weight, smoking, smoking-related habits, allergic symptoms, and whether they wear personal protection equipment (PPE). The person in charge of each salon was also asked about the average number of straightening procedures conducted per month.
Determination of FD content of cosmetic products
The FD concentrations in the cosmetic products used at each of the beauty salons were assayed using high-performance liquid chromatography. Briefly, aliquots of cosmetic products were weighed out and then diluted in a mixture of tetrahydrofuran and ultrapure water. The solution obtained was filtered, and one aliquot was derivatized with dinitrophenylhydrazine to obtain the corresponding hydrazone, which was then separated into its components in a high-performance liquid chromatography system with an octyl-silica column, using a mobile phase comprising pH 3.0 water and acetonitrile (53:47, v/v) , with detection at 345 nm (Heyden et al. 2002; Wu et al. 2003) .
Determination of FA in urine
Urine samples were taken at the start of each participant's work shift and again after they had been working for 8 h, on days on which the straightening technique was being used. Urinary FA concentrations were assayed as described by Peteffi et al. (2015) . Briefly, 2 mL of urine was transferred to a 10-mL headspace flask and 100 μL of the internal standard working solution was added (acetonitrile 2 mg mL ). Next, 500 μL of H 2 SO 4 and 100 μL of methanol were added. The flask was quickly closed and incubated for 10 min at 50°C. Headspace was analyzed by gas chromatography with flame ionization detection (GC-FID), using a CP WAX 52 CB column (30 m×0.25 mm×0.25 μm, Varian) under the following operating conditions: injection in split mode, with a ratio of 1:10, injector temperature of 220°C, helium carrier gas at a constant flow rate of 2 mL min −1 , temperature of detector at 250°C, initial temperature of chamber set at 30°C for 6 min, followed by increases of 35°C min −1 up to a final temperature of 135°C. Chromatographic analysis lasted 9 min. The method is linear from 10 to 100 mg L −1
, with accuracy ranging from 101.01 to 102.71 %, intra-assay precision (within-day) of 2.33 to 4.76 %, and inter-assay precision (between days) of 2.72 to 6.04 %.
Comet assay
Blood samples for the comet assay were taken by venous puncture and collected in tubes containing heparin, which were wrapped in aluminum foil and stored under refrigeration and protected from light. The alkaline comet assay was conducted as described by Tice et al. (2000) , as follows. First, 5 μL of heparinized whole blood was mixed with 95 μL of low melting point agarose (0.7 % in a PBS solution). This mixture was spread onto a slide pre-coated with regular 1 % agarose, and a coverslip was placed over the mixture. Slides were placed in a humidity chamber for 7 to 10 min at 4°C. Next, the slides were removed and placed into lysing solution (2.5 M NaCl, 100 mM ethylenediaminetetraacetic acid (EDTA), 10 mM Tris, 10 % DMSO, and 1 % Triton X-100) at 4°C in the dark, for 24 to 48 h. After this interval, the slides were incubated in the electrophoresis buffer with alkaline pH (300 mM NaOH, 1 mM EDTA, pH>13) for 25 min before electrophoresis at 35 V (1.4 V/cm from the platform of the basin, 300 mA, 25 min). The slides were then subjected to the action of the neutralization buffer (0.4 M Tris and HCl to adjust pH to 7.5). Slides were left to dry at room temperature before fixing (15 % trichloroethanoic acid, 5 % zinc sulfate, and 5 % glycerol) and then left to dry at room temperature once more. Silver nitrate staining was performed as described by Nadin et al. (2001) .
A total of 100 cells per individual were analyzed by two independent and well-trained observers (random data collected from the observers should not present significant differences when compared by the Mann-Whitney test). Each observer observed 50 cells per individual and classified them as proposed by Anderson et al. (1994) into five categories according to the extent of comet tail migration (0, I, II, III, and IV), scoring from zero for cells with no migration whatsoever to IV for the cells with greatest migration. Additionally, the frequency of cells with any level of damage (sum of cells in classes I to IV) was also calculated. The results of the comet damage classifications (0 to IV) were used to calculate the damage index as proposed by Pitarque et al. (1999) , by multiplying the sum of the number of nuclei by the value of each class, resulting in scores varying from 0 (0×100) to 400 (4× 100).
Micronuclei test
Oral mucosa cell samples were taken by scraping the inner cheek with an endocervical brush and stored in microtubes containing 1 mL of saline solution. Samples were washed twice with saline solution and fixed by adding 400 μL of a (1:3) solution of glacial acetic acid/methanol and stored under refrigeration. For staining, 130 μL of the cells suspended in the fixing solution was pipetted onto clean slides that had been coated with gel in advance. The slides were left to dry at room temperature overnight before DNA-specific Feulgen staining and counterstaining with Fast Green, as per Tolbert et al. (1992) .
A total of 2,000 cells were analyzed per individual by two independent and well-trained observers (random data collected from the observers should not present significant differences when compared by the Mann-Whitney test), using an optical microscope. Each observer analyzed 1,000 cells, recording the frequency of micronuclei (MN) and other cell abnormalities, such as nuclear buds (which indicate DNA damage or chromosomal instability), binucleated cells (the result of cytokinesis failure and susceptibility to aneuploidy), and karyorrhexis (an abnormality associated with cell death) (Bolognesi et al. 2013) . The criteria employed for including cells in the analysis were those suggested by Tolbert et al. (1992) : intact cytoplasm and relatively flat on the slide; little or no overlapping with adjacent cells; little or no cell remnants and normal or intact nucleus, with a smooth and distinct border to the nucleus.
Statistical analysis
Initially, a descriptive analysis was conducted for all variables. Normality was assessed using the Shapiro-Wilk test and parametric or nonparametric statistics chosen as appropriate. 
Results
There were no significant differences for smoking status, age, weight, or years working at the beauty salon between the groups investigated, classified by beauty salon. There was a significant difference in the number of straightening procedures performed on the day of data collection, since salon B performed two procedures and all of the others only performed one straightening process on the day measurements were taken. There was also a significant difference in number of procedures per month and the salon that conducted the largest number of procedures was salon E, which conducted 40 procedures per month (Table 1) .
Environmental FD concentrations at salons D and E were 0.04 and 0.02 ppm, respectively, and no FD was detected in the products employed for hair straightening at either of these salons (Table 2 ). In contrast, the straightening product employed at salon A contained 5.7 % of FD, and the environmental concentration at this salon was 0.07 ppm. The environmental concentration at salon B was 0.14 ppm, and the product used contained 2.61 % of FD. The product used at salon C contained the highest concentration of FD, at 5.90 %, and the environmental concentration was 0.16 ppm. At salon F, the product used had an FD concentration of 5.79 % and the environmental concentration was 0.14 ppm. The products used by salons A and F exhibited similar FD concentrations because they were produced by the same commercial brand. Table 2 lists the results of comparisons of quantitative variables between different salons. There were significant differences between salons in terms of FD concentrations in the products employed (p<0.001, Kruskal-Wallis), environmental FD (p<0.001, Kruskal-Wallis), baseline FA concentrations in urine before exposure (p=0.016, Kruskal-Wallis), urinary FA concentrations after exposure (p=0.004, Kruskal-Wallis), difference in urinary FA concentration between end and start of work shift (p=0.018, ANOVA), karyorrhexis (p=0.001, Kruskal-Wallis), damage index (p=0.000, Kruskal-Wallis), and frequency of damage (p=0.000, Kruskal-Wallis).
Salon D, where FD was not detected in the straightening product used, had the highest median baseline FA concentration before exposure, at 17.20 mg L −1 (Q1 9.28-Q3 21.77), but nevertheless had the smallest difference in urinary FA concentration between end and start of work shift, with a mean difference of 2.79±11.14 mg L −1
. The product used at salon C contained the highest concentration of FD (5.90 %), and the same salon had the highest environmental FD concentration measured in this study (0.16 ppm). The difference in urinary FA concentration between end and start of work shift at salon C was the greatest observed at any of the salons investigated, at 17.24±12.91 mg L −1 . Urinary FA concentrations before and after exposure were compared using the Wilcoxon test for two paired samples, which detected significant differences (p=0.001).
There were no significant differences in MNT results for MN, binucleated cells, or nuclear buds, when the beauty salons were compared with each other. However, there was a significant difference for karyorrhexis. In the comet assay results, there were significant differences between the salons for damage index and frequency of damage. Salon B had a significantly higher damage index (0-400), at 146.50 (Q1 124.25-Q3 167.75), and frequency of damage (%), at 84.00 (Q1 74.50-Q3 90.50), when compared to all the other groups investigated. A, D, and E exhibited the lowest values for index and frequency of damage. No FD was detected in the hair straightening products used at salons D or E.
The mean FD concentration found in the hair products was 5.66 % (Q1 2.61-Q3 5.79), and mean environmental FD concentration was 0.104 ppm (Q1 0.04-Q3 0.14). Considering all 50 individuals investigated, an increase in median urinary FA concentration was observed, rising from 11.05 mg L −1 (Q1 . The MNT results per 1,000 cells were as follows: the median number of MN was 0.00 (Q1 0.00-Q3 0.00), the median number of binucleated/segmented cells was 2.37 (Q1 1.50-Q3 3.67), the median number of broken eggs/budding was 0.47 (Q1 0.00-Q3 0.66), and the median number of karyorrhexis observations was 1.55 (Q1 0.86-Q3 4.29). For the comet assay, median damage index (0-400) was 7.00 (Q1 2.00-Q3 52.25), and median frequency of damage was 6.50 (Q1 2.00-Q3 44.00). Table 3 lists coefficients for correlations between the variables studied. There were significant correlations between difference in urinary FA concentration between end and start of work shift and urinary concentration at the end of the work shift (r=0.706, p=0.000). Median urinary FA concentrations before exposure, at 11.05 mg L −1 (Q1 5.30-Q3 17.42), and after exposure, at 15.22 mg L −1 (Q1 6.78-Q3 25.97), exhibited a positive correlation (r s =0.719, p=0.000). There was a moderate positive correlation between difference in urinary FA concentration between end and start of work shift. There was a strong correlation between damage index and frequency of damage (r s =0.996, p=0.000), and MN exhibited a positive correlation with nuclear buds (r s =0.489, p=0.000).
The chi-square test detected a significant difference in use of PPE with relation to frequency of nasal irritation (p= 0.044), with participants who did not wear PPE reporting more irritation (Table 4 ). There was a significant difference in average number of straightening procedures per month with relation to frequency of eye irritation (p=0.026). People who did not smoke reported respiratory allergies with greater frequency (p=0.046).
Discussion
Using hair straightening products containing high concentrations of FD can represent a significant risk both for the workers who apply them and for the customers whose hair they are treating. Exposure occurs both during application and during the drying process and can cause adverse reactions such as coughing, allergic reactions, and coryza (Pierce et al. 2011) . In contravention of the official recommendations established by regulatory agencies, many beauty salons continue to use hair straightening products containing FD in their compositions, whether consciously or not. The OSHA tested products used for hair straightening in the USA and found significant levels of FD in many popular products, despite being labeled formaldehyde free (OSHA, 2010). The highest concentration detected in the products identified in the present study was 5.90 % FD, in comparison with Mazzei et al. (2009) who found FD concentrations ranging from 1.6 to 10.5 % in preparations for hair straightening sold in Brazil. Using these products increases the FD concentration of the air inside beauty salons, and there is a potential for levels to exceed current occupational health limits (Pierce et al. 2011) .
Salons A and F used products from the same commercial brand and this preparation contained hydantoin (1,3-dimethylol-5,5-dimethyl hydantoin), which is a substance that could have contributed to the environmental FD concentrations observed. None of the products tested were registered with the Brazilian National Agency for Sanitary Vigilance (Agência Nacional de Vigilância Sanitária (ANVISA)) as indicated for hair straightening. All of the products tested had only been notified and were not registered with ANVISA and, as such, should not be used for hair straightening according to Brazilian sanitary protection regulations (ANVISA 2005) .
Although all of the salons exhibited environmental FD concentrations that exceeded the NIOSH maximum acceptable limit of 0.016 ppm (NIOSH 2006) , all of them were also below the 0.75 ppm limit set by OSHA (OSHA 2011) and the NR-15 Brazilian standard's limit of 1.6 ppm (NR 15 1978) .
Despite the different profiles of utilization of cosmetic products for hair straightening and the physical differences between the beauty salon's environments, a moderate positive correlation was detected between environmental FD concentrations and the FD concentrations in the cosmetic products. According to Pierce et al. (2011) , in order to be able to estimate environmental FD concentrations at different locations within the salons, it would have been necessary to know rates of air exchange, durations of hair straightening procedures, application techniques, and the dimensions of the salons, among other variables, none of which were assessed in this study. Pierce et al. (2011) also measured higher environmental FD concentrations in beauty salons than were observed in the present study. They assessed the use of four different straightening products (Coppola, Brazilian Blowout, Global Keratin, and La Brasiliana), which were applied to a dummy by a hairdresser. The peak exposure was 3.47 ppm (range, 3.36-3.59 ppm), observed during the hair-drying stage and exceeding the 2-ppm OSHA limit for short-term exposure and also the 0.3-ppm ceiling limit set by the American Conference of Governmental Industrial Hygienists (ACGIH 2000) . The World Health Organization (WHO) has stated that the threshold for nose and throat irritation after single or repeated FD exposure varies from 0.08 to 2.6 ppm and sets the threshold for eye irritation at 0.5 to 1 ppm (WHO 2000) . In contrast with the WHO figures, Paustenbach et al. (1997) and Arts et al. (2006) conducted studies with volunteers to assess irritation of the eyes, nose, and throat and found that eye irritation was reported at lower levels than nose and throat irritation. In the present study, there was no clear trend of increased frequency of reports of eye irritation as the number of straightening procedures per month increased. Workers who reported wearing personal protection equipment suffered less throat irritation, and wearing PPE can reduce the occurrence of irritation caused by FD and their use has been recommended (OSHA). According to Arts et al. (2006) , sensory irritations begin to appear from concentrations of 1 ppm, which is a higher concentration than was observed in the salons investigated here.
Formaldehyde exposure was confirmed both by measurement of environment concentrations and by the significant increase in urinary FA concentrations at the end of the working shift. Urinary FA concentrations after exposure exhibited a negative correlation with the mean number of straightening procedures per month, which may be related to possible induction of metabolism after frequent exposure. It appears that measuring the difference in urinary FA concentration between end and start of work shift could be a useful strategy for assessing occupational exposure to FD, since there is great variability in baseline FA concentrations between individuals (WHO 2001). This can be illustrated by the results for salon D, where FA concentrations at the end of the work shift were relatively high, at 23.30 mg L −1 (Q1 14.42-Q3 27.40), despite exposure to low environmental FD concentrations (0.04 ppm). However, the low level of occupational exposure can still be identified, since this group had the lowest difference between . Notwithstanding, this approach suffers from the disadvantage of requiring two urine sample collections, before and after the work shift, and two laboratory analyses.
Even allowing for the inconvenience of collecting and analyzing two samples for determination of urinary FA, this strategy is still simpler than using other biomarkers that have previously been proposed for evaluation of FD exposure. Bono et al. (2006) used blood concentrations of Nmethylenvaline as a biological marker of FD exposure, finding a moderate correlation between environmental FD levels and the N-methylenvaline adduct (r s =0.465, p=0.001). In a more recent study, Bono et al. (2012) once more found a correlation between environmental exposure to FD and blood concentrations of the N-methylenvaline adduct (r s =0.678, p < 0.0001). However, determination of blood Nmethylenvaline concentrations demands multiple steps for extraction and purification of the globin, in addition to derivatization and analysis using gas chromatography with mass spectrometry (GC-MS). Furthermore, since these adducts are stable and remain in circulation throughout the biological life of erythrocytes, which is approximately 120 days, Nmethylenvaline concentrations can be considered markers of cumulative exposure and may not represent more recent exposure, since they could maintain high levels days or weeks after exposure has ceased (Tornqvist 2002) . In contrast, since FA has a half life lasting just a few hours, FA levels should have a closer relationship with recent exposure.
There were significant differences between the salons in terms of comet assay results for frequency of damage and damage index. These differences cannot be attributed to differences in the smoking habits of the workers of the different salons (p=0.640, chi-square), which could potentially contribute to increased genotoxic biomarkers. In common with this study, Galiotte et al. (2008) found a higher frequency of DNA damage, assessed using the comet assay, in Brazilian hairdressers (159.8±71) than in a control group (125.4±64.1, p = 0.005). Another study, conducted by Hammam et al. (2014) , investigated 40 beauty salon workers and 40 administrative workers from a medical school (control group) in the town of Zagazig, Egypt. The study revealed a significant increase in DNA damage according to the comet assay. The authors considered that the significant results may have been influenced by factors such as number of straightening treatments (≥8 times/week), using hair dyes at work (≥15 times/ week), length of time employed in a beauty salon (≥13 years), failure to wear gloves while working, use of bleaching agents (≥12/week) and negligence when washing hands after handling chemical products. In the present study, all of the hairdressers wore gloves, but only one hairdresser wore a mask during the hair straightening procedure (other factors were not investigated). There are many different chemical products in a beauty salon in addition to FD, but we can assume that they also play an important role in the DNA damage observed. The comet assay damage results for salon B were considerably higher, which could be explained by complex, unknown mixtures. According to Bolognesi (2003) , genotoxicological biomonitoring is a useful tool for estimating genetic risk conferred by exposure to complex mixtures of chemical substances.
Hairdressers are a very sensitive category, since they are daily exposed to a workplace in which there is a large number of chemical products, making it difficult to distinguish and control specific chemical factors that are harmful to health (Vlastos and Ntinopoulos 2010) . The MNT results for karyorrhexis exhibited a negative correlation with environmental FD concentration. There were no differences between different job roles in the beauty salon when these were analyzed separately. This result may have been compromised because each worker generally performed more than one role.
Conclusions
Despite the fact that cosmetic products for hair straightening containing FD are prohibited in Brazil, this chemical was detected in products used for this purpose. The level of FD in these straightening products was associated with FD in the air in beauty salons at concentrations from 0.07 to 0.16 ppm, above the maximum limit recommended by NIOSH. The difference in urinary FA concentration between the end and start of the work shift was related to environmental FD concentrations and has potential for use as a biomarker of FD exposure. The results of this study suggest that generalizations about occupational exposure and DNA damage among beauty salon workers may be inappropriate, in view of the significant differences observed between salons. Our findings provide further evidence that the genotoxic risks of cosmetic preparations used for hair straightening should be rigorously investigated, since using these products can lead to direct exposure of workers and customers to these chemical products.
